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Stock  FMSY  FMSYLower FMSYUpper  FP.05 
Baltic sprat    0.26  0.19  0.34  0.21 
Western Baltic herring  0.32  0.23  0.41  0.46 
Central Baltic herring  0.23  0.16  0.31  0.22 
Gulf of Riga herring*  0.32  0.24  0.38 
 
Bothnian Sea herring*   0.12  0.09  0.13 
 
North Sea herring   0.33  0.24  0.44  0.35 
Western Baltic sole   0.22  0.17  0.26  0.23 
North Sea sole  0.20  0.11  0.37  0.38 
Eastern channel sole  0.30  0.16  0.43  0.39 
Western horse mackerel*   0.095  0.075  0.115 
 
Northern Shelf haddock  0.37  0.25  0.52  0.51 
NE Arctic Haddock   0.41  0.25  0.57  0.40 
North Sea plaice  0.19  0.13  0.27  0.48 
Eastern channel plaice  0.30  0.20  0.43  0.52 
 31 
 
North Sea saithe   0.32  0.20  0.43  0.39 
NE Arctic Saithe   0.26  0.15  0.42  0.38 
Western Baltic cod  0.26  0.15  0.45  0.57 
North Sea cod  0.32  0.22  0.49  0.86 





















































































Online Supplementary Material 1 
Guidelines for good practice in the selection of stock-recruitment (S-R) relationships  2 
A summary of guidelines for good practice in the selection of stock-recruitment (S-R) relationships used for 3 
estimation of FMSY and precautionary limits to fishing mortality derived from discussions in ICES (2014a) is given 4 
in the below table.  5 
Scenario Recommended action 
There is clear evidence that a 
specific S-R relationship is the 
correct model. 
 
In this case, the estimation of reference points should be based on 
that specific S-R relationship and no other S-R relationships should 
be included. 
It is unclear which S-R 
relationship provides the best fit 
to data, i.e., several models show 
similar fits to data. 
 
Use more than one S-R relationship of different shapes and weigh 
the results of simulations from the different options. A method to 
consistently weigh the results is described below under ‘Eqsim’. 
Individual points are highly 
influential in the S-R relationship. 
Examine the validity of the highly influential data points. If they are 
considered valid, then retain them in the analysis; the use of a 
hockey stick or the Cadigan (Cadigan 2012) method with bootstrap 
observations may provide a robust option incorporating the 
uncertainty associated with the function. If the recruitment series 
show a few very high spikes, a distribution of the spikes can be 
2 
 
added (see below). 
 
Prolonged shifts in recruitment 
success that are unrelated to 
SSB, are suspected. 
Unless strong evidence exists that a consistent change has 
occurred, the full time series of stock and recruitment should be 
used. Be careful not to mistake periodicity in recruitment success 
induced by e.g., cyclic climate conditions for prolonged shifts. 
Serial autocorrelation in recruitment (or recruitment deviations 
from the model) may also influence the results (see the horse 
mackerel example below).  
 
Constant recruitment at all 
values of SSB are estimated. 
Such relationships should not be included in the estimation. The 
predicted recruitment should be assumed to decrease significantly 
below the lowest observed stock size. For example, a hockey stick 
relationship with the lowest observed stock size as the forced 
breakpoint can be used. 
 
Recruitment appears to increase 
with SSB for all values of SSB 
observed. 
In these cases, FMSY tends to be estimated at very low values as it is 
assumed in predictions that recruitment is an ever-increasing 
function of SSB. This seems highly unlikely. To avoid such 
unrealistic predictions, a hockey stick relationship can be used. The 
breakpoint of the hockey stick should be at the average of all 




Recruitment appears to decrease 
with SSB for all values of SSB 
observed. 
This usually results in a Ricker curve fitting the points with the 
descending limb of the function. Hence, maximum recruitment is 
predicted to occur at unknown stock sizes (well) below the 
minimum observed. The interpretation that recruitment will 
increase as S decreases to values well below the lowest observed 
seems highly risky. To avoid such predictions, a hockey stick 
relationship with a breakpoint at the lowest observed stock size 
can be used. 
 
Recruitment has occasional very 
high values (spasmodic 
recruitment). 
This type of S-R relationship is incorporated in the method used for 
western horse mackerel (Table 1). Removing the extreme points 
from the analysis for this stock led to lower suggested FMSY and 
FP.05 (F corresponding to 5% probability of SSB<Blim) values than 
when the occasional high recruitments were included. Instead, a 
mixture of statistical distributions, including spikes, can be used. As 
a minimum, it is recommended to investigate the sensitivity of the 
results to the occurrence of occasional very large recruitments. 
 
Predicted average recruitment at 
FMSY is substantially higher than 
the maximum observed. 
Predictions of average recruitment at FMSY that are far greater than 
the maximum observed should be investigated thoroughly. Often, 
this results from estimating S-R functions using monotonically 
increasing observed S-R values. In this case, a hockey stick can be 
used (see explanation above). 
4 
 
Estimation of assessment/advice error 6 
The estimated realized catch and annual values of F (Fyr) for the previous 10 years were taken from the most 7 
recent assessments. The annual ICES advice sheets issued in previous years were consulted to determine the 8 
Fya that would have been advised to obtain the estimated realized catch. Linear interpolation was used where 9 
the appropriate catch was not available in the catch option table. For North Sea cod, the assessment changed 10 
considerably over the last few years, making historic comparisons meaningless, and an MSE analysis was 11 
recently conducted for this stock (De Oliveira, 2013). In this case, the intended F (Fya) was compared with the 12 
realised F in the advice year (Fyr). For both approaches used to calculate Fyr and Fya, the deviation in year y, dy, 13 
was calculated as ln(Fyr/Fya), and the standard deviation σm of the log deviations gave the marginal distribution. 14 
The conditional standard deviation, σc, was calculated as σm √(1-φ2), where φ is the autocorrelation of the 15 
AR(1) process. σc and φ were the input parameters for Eqsim.  16 
 17 
Main function calls used for fitting of stock recruit relationships and equilibrium 18 
simulation  19 
The specific calls to the routines used and the meaning of the variables can be found at 20 
https://github.com/einarhjorleifsson/msy/tree/master/man (accessed September 2nd 2015). The main function 21 
calls used for fitting of stock recruit relationships and equilibrium simulation using the Eqsim (stochastic 22 
equilibrium reference point) software were: 23 
 24 
eqsr_fit <- function (stk, nsamp = 5000, models = c("ricker", "segreg", "bevholt"), 25 
5 
 
    method = "Buckland", id.sr = NULL, remove.years = NULL, delta = 1.3, 26 
    nburn = 10000) 27 
Where stk is an FLR stock object (Kell et al. 2007) giving SSB and recruitment; nsamp is the number of stock 28 
recruit draws to determine the median and 90% intervals simulated; models provides for 3 standard models, 29 
though alternative equations can also be fitted. The models are weighted by the method based on Buckland et 30 
al. (1997). 31 
Eqsim_run <- function (fit, bio.years = c(2004, 2013), bio.const = FALSE, sel.years = c(2004, 2013), sel.const = 32 
FALSE, Fscan = seq(0,1.2, len = 61), Fcv = 0, Fphi = 0, Blim, Bpa, recruitment.trim = c(3, 33 
        -3), Btrigger = 0, Nrun = 200, process.error = TRUE,verbose = TRUE, extreme.trim=c(0,0)) 34 
The fitted S-R object (fit) is then combined with biological parameters drawn randomly (bio.const=FALSE) or as 35 
an average from a recent period (bio.years typically 10 years 2004-2013). Similarly selection in the fishery is 36 
drawn randomly (sel.const=FALSE) or as an average from a recent period (sel.years eg. 10 years 2004-2013).  37 
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